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THE SOUTHWESTERN NATURALIST 36(1):7-13 MARCH 1991 

HABITAT USE BY SPIKEDACE, MEDA FULGIDA 
(PISCES: CYPRINIDAE) IN SOUTHWESTERN 
STREAMS WITH REFERENCE TO PROBABLE 
HABITAT COMPETITION BY RED SHINER, 

NOTROPIS LUTRENSIS (PISCES: CYPRINIDAE) 

JOHN N. RINNE 

United States Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station, Forestry Sciences Laboratory, 

Arizona State University Campus, Tempe, AZ 85287-1304 

ABSTRACT-Spikedace, Meda fulgida, used habitat in several southwestern desert streams in pro- 
portion to availability of habitat types. Velocity of water occupied by spikedace did not increase with 
increased stream size. Schools of >10 spikedace frequented deeper (mean 27 cm) and slower-moving 
(<25 cm/s) waters characterized by eddying currents and shear zones often associated with stream 
gradient adjustments. Comparison of habitat used by spikedace both with that described in the literature 
and that measured in one southwestern stream for the introduced red shiner, Notropis lutrensis, suggests 
habitat partitioning may occur when these two cyprinids co-occur in a stream. 

The spikedace, Meda fulgida, is a monotypic 
genus endemic to the Gila River basin, Arizona 
and New Mexico (Miller and Hubbs, 1960; 
Minckley, 1973). Although spikedace can be spa- 
tially and temporally abundant, its range has been 
markedly reduced within the basin. It is a small 
(<100 mm total length) cyprinid that is currently 
listed as a threatened species by both state (Ar- 
izona Game and Fish Commission, 1982) and 
federal (United States Department of the Inte- 
rior, 1986) agencies. In addition, the state of New 
Mexico lists the species as endangered (J. P. 
Hubbard et al., in litt.). 

Most literature on the species addresses its dis- 
tribution and taxonomy (Miller and Hubbs, 1960; 
Minckley, 1969; LaBounty and Minckley, 1972; 
Minckley, 1973). Information on life history of 
spikedace has come largely from studies in Ara- 
vaipa Creek, southeastern Arizona (Barber et al., 
1970; Schreiber and Minckley, 1981). The most 
recent information is from the upper Gila River 
in New Mexico (D. L. Propst et al., in litt.). 
Rinne and Kroeger (1988) have described phys- 
ical habitat use (with respect to velocity and depth 
of water and substrate) by spikedace in Aravaipa 
Creek. 

Because of the status of the spikedace and the 
presence in the published literature of only gen- 
eral comments on its habitat requirements (Mil- 
ler and Hubbs, 1960; Minckley, 1973), this study 

was initiated to quantify the habitat requirements 
of spikedace in several southwestern desert 
streams. Habitat data were obtained in several 
streams in the upper Gila River basin, New Mex- 
ico, and in the Verde River, Arizona, in addition 
to Aravaipa Creek (Rinne and Kroeger, 1988). 
A non-native cyprinid, the red shiner (Notropis 
lutrensis), introduced into Arizona in 1953 has 
been implicated as a potential competitor. The 
two cyprinids have been taken together frequently 
by me and others in the same seine haul or elec- 
trofishing pass in the upper Verde and to some 
extent in the upper Gila basin streams (D. L. 
Propst, pers. comm.). Cursory description of 
spawning habitat for the two species in the South- 
west indicates that the two species are very similar 
(Barber et al., 1970; Minckley, 1972). Habitat 
use by red shiner as reported in the literature and 
as measured in one stream in Arizona is discussed 
relative to habitat use by spikedace. 

MATERIALS AND METHODs-Aravaipa Creek was a 
low-gradient (<1%), small (3 to 5 m wide), often braid- 
ed, hydrologically stable stream with primarily gravel- 
pebble (3 to 64 mm) substrate. Modal discharge ranged 
between 0.5 and 1.0 m3/s, with greatest flow in winter 
months. However, late summer storms were capable 
of producing sudden, sometimes violent floods. For a 
detailed description of Aravaipa Creek, see Barber and 
Minckley (1966) and Rinne (1989). The Verde River 
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and streams in the upper Gila River basin (lower Gila 
River at Cliff, and Middle and West Forks of Gila 
River) were generally higher gradient (2 to 5%), larger 
in size (5 to 30 m wide) and at higher elevation (> 1,200 
m) than was Aravaipa Creek. Similar to Aravaipa 
Creek, the streams in the upper Gila River were subject 
to highly variable discharges (D. L. Propst et al., in 
litt.) but modal flows were greater. 

Sample sites were selected based upon my previous 
experiences with collection of spikedace and upon qual- 
itative description of its habitat (Barber and Minckley, 
1966; Minckley, 1973). Aravaipa Creek was sampled 
seven times during the period 1982 to 1985 to include 
winter (December through February), spring (April 
through May), and summer (August through Septem- 
ber) seasons (Rinne and Kroeger, 1988). Sampling in 
the upper Gila basin, New Mexico, was conducted 
only in spring (June) 1983 at six sites: two sites in the 
Gila River near Cliff, New Mexico (lower Gila River 
site), one site each in the Middle and West forks of 
the Gila River, one each in the San Francisco River 
and Tulerosa Creek (see Rinne, 1989); spikedace were 
taken only at the three sites (Table 1). Sampling in 
the Verde River was in April 1985, December 1988, 
and January 1990. Data from winter and spring (De- 
cember 1982, February 1984, April 1983, 1984, and 
May 1985) sample dates in Aravaipa Creek were com- 
bined and compared with data from the upper Gila 
and Verde rivers. Because habitat data collected in 
April 1985 and December 1988 in the Verde River 
were not significantly different (P < 0.05), data from 
this site were combined. Habitat transects in reaches 
of streams sampled were chosen by location of initial 
capture of spikedace. At least two more transects were 
sampled: one 5 m upstream and one 5 m downstream. 
If spikedace were captured at either of these transects, 
then additional transects were established in an up- 
stream or downstream direction (Rinne, 1985). A max- 
imum of nine transects was sampled in addition to the 
initial transect where spikedace were found. If spike- 
dace were absent, sampling effort was moved to another 
reach of stream at the sampling site. Further, if spike- 
dace were rare at a site, transects were established 
wherever they could be collected rather than at 5-m 
intervals. 

Spikedace were immobilized by electrofishing and 
captured by a 1-meter block net positioned about 1 to 
2 m downstream (Rinne, 1985). Physical habitat char- 
acteristics of these approximately 1- to 2-m2 sample 
areas (not all with spikedace) were measured using a 
meter transect method and a habitat sampler (Rinne, 
1985, 1989). With this apparatus, one set (velocity, 
depth, substrate) of 21 measurements each (at 5-cm 
intervals along the guide rod) was made at each tran- 
sect. These 21 data points for each habitat variable 
were averaged prior to statistical analyses; thus, there 
is a single value for each sample. 

Because this same approach was used for the inves- 
tigations of distribution of six other native species in- 

habiting Aravaipa Creek (Barber and Minckley, 1966) 
and the upper Gila basin streams, it is possible to 
estimate habitat availability (from all transect data 
combined) in these streams. In contrast, data from the 
Verde River are only from specific locations where 
spikedace and red shiner were captured, and no esti- 
mate of habitat availability is possible. 

Depth was measured with a modified meter rule, 
and velocity was measured 5 cm above the substrate. 
Initially, substrate was visually classified into one of 
five categories (sand, <2 mm; gravel, 3 to 16 mm; 
pebble, 17 to 64 mm; cobble, 65 to 256 mm; boulder, 
> 256 mm). Because of frequent, near equal occurrence 
of two substrate types, gravel and pebble, at transects 
in Aravaipa Creek, two additional classes, sand-gravel 
and gravel-pebble, were added, for a total of seven 
substrate classes. 

Depth and velocity data from transects with and 
without spikedace were compared using unpaired t- 
tests. Substrate class data were compared by Chi-square 
analyses. Habitat use among streams was subjected to 
analyses of variance (ANOVA) if homogeneity of var- 
iances (Bartlett's test) was established. If significant 
variation in samples was detected by ANOVA, Tukey's 
tests were used to determine and illustrate specific dif- 
ferences in habitat use among samples (Fig. 1). 

RESULTS-In Aravaipa Creek, spikedace oc- 
cupied significantly deeper and slower waters over 
smaller sized substrate (Table 1) than were gen- 
erally available. By contrast, where spikedace were 
present in the Gila River at Cliff and the West 
and Middle Forks of the Gila, there were no 
significant differences (P > 0.05) between depth 
and velocity of water occupied by spikedace and 
those in which they were absent. Chi-square 
analyses, however, indicated substrate underlying 
waters used by spikedace was significantly small- 
er than that available in the Middle (P < 0.001) 
and West forks (P = 0.03) of the Gila River and 
than that used by spikedace in the lower Gila 
River (Table 1). 

The variances in water depths among all 
streams in the upper Gila River and those where 
spikedace were present were homogenous (Bart- 
lett's test, P = 0.003). ANOVA showed no sig- 
nificant (P = 0.60) differences in depths among 
streams where spikedace was present; however, 
velocities occupied by spikedace did vary signif- 
icantly (P = 0.004) among the streams. Tukey's 
multiple range test grouped velocities of waters 
occupied by spikedace in the Middle and West 
forks of the Gila River (X = 14.2 cm/s) apart 
from those occupied in the lower Gila and Ara- 
vaipa Creek (X = 30.1 cm/s). Mean velocity of 
water occupied by spikedace in the Verde River 
was intermediate (X = 21.0 cm/s). 
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Available velocities did vary significantly (P = 

0.01) in the upper Gila basin streams, New Mex- 
ico, but not (P = 0.20) in habitats occupied by 
spikedace. Considering all five streams sampled, 
there was no significant difference (P > 0.05) in 
overall physical habitat availability among the 
streams or that occupied by spikedace (Fig. 1). 

Based on relative numbers of spikedace at tran- 
sects rather than mere presence or absence of the 
species, spikedace preferred deeper, slower wa- 
ters in Aravaipa Creek. That is, transects were 
selected with schools that contained spikedace (i.e., 
>10 fish, n = 10; >12 fish, n = 7), and habitat 
was compared with that of transects with a single 
fish (n = 31). Results showed mean depth of 
water occupied increased and mean velocity oc- 
cupied decreased when schools of spikedace were 
present. Transects with 10 or more fish averaged 
22.8 cm in depth, and those with 12 or more fish 
averaged 27.3 cm. Transects with a single fish 
averaged only 15.7 cm. By comparison, water 
velocity at these same transects averaged 25.7 
cm/s and 22.7 cm/s compared with a mean of 
36.6 cm/s at transects with a single spikedace. 
Using this same approach in the three upper Gila 
streams and the Verde, however, did not reveal 
any differences in either water depth or velocity 
between transects with a single spikedace versus 
those with more than one. 

Adult spikedace predominated in samples from 
Aravaipa Creek. Although there was an obvious 
gradient in mean depth of water occupied from 
larvae (14.4 cm) through juvenile (17.1 cm) to 
adult (20.4 cm) fish, there was no significant dif- 
ference (P = 0.13) in depth of water used among 
the three life stages (Rinne and Kroeger, 1988). 
Similarly, there was no significant difference (P 
= 0.10) in velocity of water occupied by the three 
life stages, but there was a tendency for larval 
and juvenile spikedace to occupy waters of slower 
velocity (X9 = 26.6 versus 26.9 cm/s, respectively) 
than that of waters occupied by adults (35 cm/ 
s). Finally, there was no significant difference in 
substrate underlying the waters occupied by the 
three life stages in Aravaipa Creek. 

Because red shiners have been recorded in the 
Verde River and were noted in December 1989 
sampling, this site was sampled in January 1990. 
Out of thirty-four transects sampled in the same 
reach (and riffles) of the Verde River sampled in 
1989, 24 contained only red shiners, 9 contained 
only spikedace, and only 1 contained both species. 
Although spikedace were not captured in the 24 
sites in 1990, they were captured in contiguous 
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(A) and velocity (B) of waters occupied by spikedace, 
Medafulgida (light line), compared with that available 
(heavy line) in several southwestern desert streams. 

downstream reaches where they occupied near 
identical depths and velocities to those estimated 
in 1989 (Table 1). Substrate indexes also were 
near identical to those recorded in 1989. 

Red shiner occupied water depths very similar 
to spikedace but were found in significantly (P 
< 1.1-7) slower water velocities (Table 1). All 
24 sites that contained only red shiner had an 
organic-silt "false substrate" created by demersal 
aquatic macrophytes (e.g., Chara, Potomegton) 
trapping fine silt and sand. These same riffle sites 
were occupied by spikedace the previous winter 
but in absence of this type of substrate (Table 1). 
By comparison, all sites containing spikedace in 
1990 were over open, variable-sized, mineral 
(gravel to cobble) substrate with the same com- 
position (based on substrate indices) recorded in 
1989. The reach containing spikedace com- 
menced at the head of and continued throughout 
a higher gradient riffle. Eddying currents and 
shear zones abounded in this 30-m reach of stream. 
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TABLE 1-Comparison of mean and median (in parentheses) depth and velocity of water and substrate 
composition occupied by spikedace (Meda fulgida), with habitat where absent in five streams, Arizona and New 
Mexico, and red shiner (Notropis lutrensis) in the Verde River. Significance (* = <0.05; ** = <0.01) between 
where spikedace are present (P) and absent (A) is indicated. 

Occur- Mean (median) depth Mean (median) velocity Substrate 
Stream rence n (cm) (cm/s) index 

Aravaipa Creek P 40 24.9 ? 13 (23)** 29.8 ? 17 (28)* 2.9 (3)** 
A 144 19.9 ? 11 (17)** 35.7 ? 16 (36)* 3.4 (3)** 

Gila River Cliff, New Mexico P 19 22.7 ? 10 (24) 30.8 ? 9 (33) 4.6 (5) 
A 25 22.9 ? 9 (21) 34.0 ? 13 (38) 4.8 (5) 

Middle Fork Gila River P 7 21.1 ? 7 (18) 13.3 a 14 (9) 2.0 (1)** 
A 27 23.3 a 13 (20) 21.0 ? 17 (16) 3.5 (5)** 

West Fork Gila River P 10 23.1 ? 6 (24) 15.0 ? 8 (14) 2.8 (2)* 
A 19 26.1 ? 14 (23) 19.3 a 14 (14) 4.4 (6)* 

Verde River 
Spikedace (1989) P 10 26.5 ? 6.7 (25) 21.0 ? 10 (20) 2.8 (2) 

(1990) P 10 25.2 ? 2.1 (25) 16.9 ? 1.5 (16)** 2.5 (2) 
Red shiner P 25 26.6 ? 1.8 (24) 6.2 ? 0.8 (5)** 

DISCUSSION-Until now, only a qualitative de- 
scription of the habitat requirements of Meda has 
been available in the literature (Miller and Hubbs, 
1960; Barber et al., 1970; Minckley, 1973). These 
researchers described the species as inhabiting 
"moving, deep" (0.6 to 1.3 m) waters and as 
typically found in "swift deep pools, or the deeper 
parts of long pools, near riffle mouths over sandy 
or gravelly bottoms." In the Gila River, adults 
were also observed by Miller and Hubbs (1960) 
on shallow, algae-dominated riffles. In the Verde 
River, they observed adult spikedace on a very 
swift riffle over a bedrock bottom; young occupied 
backwater areas over silt-sand bottom adjacent 
pools. Barber et al. (1970) noted that during the 
day, spawning females inhabited deeper pools and 
eddies. By comparison, males occupied riffles (8 
to 15 cm) over sand gravel beds. 

More recently, R. M. Anderson (in litt.) re- 
ported spikedace common only in moderate to 
swift riffles <30 cm deep and comprised of "grav- 
el-rubble" (15 to 120 mm) substrate. D. L. Propst 
et al. (in litt.) reported that adult spikedace oc- 
cupied waters with a mean depth of 19.3 cm, 
velocities of 49 cm/s over sand-gravel-cobble sub- 
strate. Although this average depth of water oc- 
cupied by spikedace is comparable to my obser- 
vations, the greater velocities reported by these 
workers might be attributable to their point of 
velocity measurement (i.e., 0.6 depth versus 5 cm 
off bottom). Their substrate description is too 
broad (i.e., spanning three substrate classes) to 
be compared to my categories. 

Similar to Miller and Hubbs (1960), I re- 
corded larval fish in "slow" currents in the im- 
mediate vicinity of riffles containing adults. Adult 
spikedace generally did not occupy areas with 
"slow" current or pools with no current. D. L. 
Propst et al. (in litt.) reported that water depths 
and velocities occupied by larval spikedace in the 
upper Gila basin were significantly less (8.4 cm 
and 8.4 cm/s, respectively) than those occupied 
by either juveniles (16.8 cm and 16.1 cm/s, re- 
spectively) or adults (19.3 cm and 49.1 cm/s, 
respectively). Similarly, adults and juveniles oc- 
cupied significantly different habitat than larvae 
in Aravaipa Creek. 

In general, my quantification of physical hab- 
itat for spikedace in streams in the three study 
areas confirmed the earlier, mostly qualitative 
descriptions of habitat use by spikedace. Despite 
slightly deeper waters being available on average 
in the upper Gila River streams and in the Verde 
River, similar water depths were occupied by 
spikedace in Aravaipa and these streams. How- 
ever, my values are far below those (60 to 120 
cm) reported by Miller and Hubbs (1960) but 
within the range of depths (20 to 30 cm, Table 
1) listed by R. M. Anderson (in litt.) and D. L. 
Propst et al. (in litt.). 

Overall, velocity and substrate occupied by 
spikedace paralleled availability of these two 
physical habitat factors in Aravaipa Creek and 
the upper Gila River study areas (Fig. 1, Table 
1). Velocity in the Middle and West forks of the 
Gila River and in the Verde River was signifi- 
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several southwestern desert streams. 

cantly lower than mean velocity in Aravaipa and 
the lower Gila River site (Table 1). If one as- 
sumes that the number of individuals at respective 
transects is an indicator of optimum or preferred 
habitat, spikedace prefer deeper waters or pools 
with slow current. In Aravaipa Creek, such hab- 
itats were frequently associated with "shear zones" 
where two (or more) braids of streams converged. 
These areas and those along canyon walls or 
downstream of large boulders provided physical 
structure that produced eddying and sometimes 
pool formation. Based on observations, qualita- 
tive descriptions, and my (and others) collections, 
such habitats are frequented by spikedace. The 
water-column lifestyle of spikedace is facilitated 
by areas of reduced, eddying current and ade- 
quate water depth. Further, these areas are most 
often characterized by gravel-pebble substrate 
with lesser amounts of sand (Fig. 2). R. M. An- 
derson (in litt.) suggested spikedace occurred over 
slightly larger (gravel-rubble, 15 to 120 mm) sub- 
strate than I recorded in either Aravaipa or the 
three streams in the Upper Gila River. 

In addition to alteration of aquatic habitats in 
the Southwest as described by Miller (1961), the 
introduction of the non-native red shiner has been 
suggested as contributing to the decline of spike- 
dace (Minckley and Deacon, 1968). The red 
shiner is a "generalist" in habitat use (Cross and 
Collins, 1975; Matthews, 1985) and often be- 
comes more abundant in degraded habitat gen- 

erally considered adverse to, and having a neg- 
ative impact on, more specialized, native 
midwestern fishes (Matthews and Maness, 1979). 
Conceivably, because of size and familial rela- 
tionships alone, competition could occur between 
spikedace and red shiner for physical space in a 
stream co-inhabited by these two cyprinids. 

Matthews and Hill (1979) studied the habitat 
of red shiner in both the field and laboratory and 
reported water temperature, speed (velocity), and 
depth as having the greatest impact on habitat 
selection by this species. Similar to spikedace, red 
shiners occupy consistently deeper (>20 cm) wa- 
ters than available on the average in a stream. In 
the field, red shiners were most abundant in slower 
(0 to 7 cm/s) backwater and nonflowing pools 
over mixed substrate with little sand present. Re- 
cently, Matthews (1985), in a more comprehen- 
sive study of habitat across a large number of 
streams (100), found red shiner abundant in both 
"deep, swift" and "shallow, slow" waters over 
substrate with little sand. There is a consensus 
that the red shiner typically avoids clear waters 
and tolerates turbid waters (Cross, 1967; Cross 
and Collins, 1975; Pflieger, 1975; Smith, 1979; 
Matthews, 1985). 

Based on physical habitat occupied by red shin- 
er in midwestern streams, red shiner could com- 
pete with spikedace for space in a stream. Mean 
depth (20 to 30 cm) and associated substrate used 
by spikedace in Aravaipa and the upper Gila 
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River (Table 1) is very similar to that (i.e., gravel- 
pebble) suggested by Matthews and Hill (1979) 
for red shiner. More specifically, in the Verde 
River red shiner occupied almost identical depths 
to spikedace in winter. By contrast, velocities list- 
ed in the literature for red shiner (0 to 7 cm/s) 
and those I measured in the Verde River were 
much less than means I estimated for spikedace 
(17 to 35 cm/s) in southwestern streams. Spike- 
dace were present over a variety of substrate types, 
but occurred mostly over the larger substrate size 
classes (3 to 5; gravel-pebble; Fig. 2). This is in 
agreement with substrate selection reported for 
red shiner (Matthews and Hill, 1979; Matthews, 
1985). In contrast, red shiners were collected over 
a silt-sand-vegetative substrate in the Verde River 
in winter 1990. 

The tolerance of red shiner to turbidity, its high 
critical thermal maximum (Matthews and Ma- 
ness, 1979), and the characteristic low faunal di- 
versity of western streams (Minckley and Dea- 
con, in press) may play an important role in the 
interactions or potential competition between these 
two cyprinid species. Matthews (1985) found red 
shiner more abundant in midwestern streams 
where fish species diversity was low. The typi- 
cally low faunal diversity of native western fishes 
may give red shiner a competitive advantage over 
not only spikedace but also other native western 
fishes. Secondly, the tolerance by red shiner to 
turbidity, elevated water temperatures, and low 
dissolved oxygen content of water (Matthews and 
Hill, 1977) could be selective advantages for red 
shiner over spikedace during alteration of habitat 
caused by western land use practices (e.g., timber 
harvesting, mining, agriculture). On the other 
hand, the generally clear, shallow nature of many 
western streams may have a positive effect on 
spikedace and negative impact on this "general- 
ist" which avoids clear waters. Adult red shiners 
occur in lower velocity (<7 cm/s) waters similar 
to those occupied by larval spikedace in the upper 
Gila basin (D. L. Propst et al., in litt.) and may 
impact spikedace in these habitats in early life 
stages. 

Although comparison of habitats frequented by 
these two cyprinids suggests overlap may occur, 
preliminary observations where the two species 
co-occur in the Verde River indicate different 
patterns of habitat use based on velocity and sub- 
strate. Additional analyses of habitat use in other 
southwestern streams where the two species co- 
occur combined with carefully designed, con- 

trolled experiments to determine behavioral in- 
teractions among life stages are needed to define 
actual competition between the two. Abiotic dis- 
turbance has been suggested to be a key factor in 
determining the coexistence of the native Gila 
topminnow (Poeciliopsis occidentalis) and the in- 
troduced mosquitofish (Gambusia affinis) in the 
Southwest (Meffe, 1984). Both abiotic and biotic 
factors must be evaluated (Matthews, 1987) be- 
fore conclusions on dispersion and competition 
between spikedace and red shiner can be made. 

LITERATURE CITED 

ARIZONA GAME AND FISH COMMISSION. 1982. 
Threatened wildlife of Arizona. Publ., Arizona 
Game Fish Dept., Phoenix, 12 pp. 

BARBER, W. E., AND W. L. MINCKLEY. 1966. Fishes 
of Aravaipa Creek, Graham and Pinal Counties, 
Arizona. Southwestern Nat., 11:313-324. 

BARBER, W. E., D. C. WILLIAMS, AND W. L. MINCKLEY. 
1970. Biology of the Gila spikedace, Medafulgida, 
in Arizona. Copeia, 1970:9-18. 

CROSS, F. B. 1967. Handbook of fishes of Kansas. 
Misc. Publ. Mus. Nat. Hist., Univ. Kansas, 45:1- 
375. 

CROSS, F. B., AND J. T. COLLINS. 1975. Fishes in 
Kansas. Publ. Educ. Ser., Univ. Kansas Mus. Nat. 
Hist., 3:1-189. 

LABOUNTY, J. F., AND W. L. MINCKLEY. 1972. Na- 
tive fishes of the upper Gila River system, New 
Mexico. Pp. 134-146, in A symposium on rare and 
endangered wildlife of the southwestern United 
States. New Mexico Game Fish Dept., Santa Fe, 
174 pp. 

MATTHEWS, W. J. 1985. Distribution of midwestern 
fishes on multivariate environmental gradients, with 
emphasis on Notropis lutrensis. Amer. Midland Nat., 
113:225-237. 

1987. Physicochemical tolerance and selec- 
tivity of stream fishes as related to their geographic 
ranges and local distributions. Pp. 111-120, in 
Community and evolutionary ecology of North 
American stream fishes (W. J. Matthews and D. 
C. Heins, eds.). Univ. Oklahoma Press, Norman, 
310 pp. 

MATTHEWS, W. J., AND L. G. HILL. 1977. Tolerance 
of the Red shiner, Notropis lutrensis (Cyprinidae) 
to environmental parameters. Southwestern Nat., 
22:89-99. 

1979. Age-specific differences in the distri- 
bution of red shiners, Notropis lutrensis, over phys- 
icochemical ranges. Amer. Midland Nat., 102:366- 
372. 

MATTHEWS, W. J., AND J. D. MANESS. 1979. Crit- 
ical thermal maxima, oxygen tolerances and success 
of cyprinid fishes in a southwestern river. Amer. 
Midland Nat., 102:374-377. 

This content downloaded from 150.135.115.48 on Fri, 25 Oct 2013 00:05:45 AM
All use subject to JSTOR Terms and Conditions

SRP12758

http://www.jstor.org/page/info/about/policies/terms.jsp


March 1991 Rinne-Habitat use by Medafulgida 13 

MEFFE, G. K. 1984. Effects of abiotic disturbance 
on coexistence of predator-prey fish species. Ecol- 

ogy, 65:1525-1534. 
MILLER, R. R. 1961. Man and the changing fish 

fauna of the American Southwest. Papers Michigan 
Acad. Arts Sci. Letters, 46:365-404. 

MILLER, R. R., AND C. L. HUBBS. 1960. The spiny- 
rayed fishes (Plagopterini) of the Colorado River 
system in western North America. Misc. Publ. Mus. 
Zool., Univ. Michigan, 115:1-39. 

MINCKLEY, W. L. 1969. Native Arizona fishes, Part 
II. Spiny-rayed minnows. Arizona Wildl. Views, 
16:6-8. 

1972. Notes on the spawning behavior of 
red shiner, introduced into Burro Creek, Arizona. 
Southwestern Nat., 17:101-103. 

1973. Fishes of Arizona. Arizona Game Fish 
Dept., Phoenix, 293 pp. 

MINCKLEY, W. L., AND J. E. DEACON. 1968. South- 
western fishes and enigma of "endangered species." 
Science, 159:1424-1432. 

In press. Battle against extinction: native 
fish management in the American West. Univ. Ar- 
izona Press, Tucson. 

PFLIEGER, W. L. 1975. The fishes of Missouri. Mis- 
souri Dept. Conserv., Jefferson City, 343 pp. 

RINNE, J. N. 1985. Physical habitat evaluation of 
small stream fishes: point vs. transect, observation 
vs. capture methodologies. J. Freshwater Ecol., 3: 
121-131. 

1989. Physical habitat use by loach minnow, 
Tiaroga cobitis (Pisces: Cyprinidae), in southwest- 
ern (USA) desert streams. Southwestern Nat., 34: 
109-117. 

RINNE, J. N., AND E. KROEGER. 1988. Physical hab- 
itat used by spikedace, Meda fulgida, in Aravaipa 
Creek, Arizona. Proc. Western Assoc. Fish Wildl. 
Agencies, 68:282-290. 

SCHREIBER, D. C., AND W. L. MINCKLEY. 1981. 

Feeding interrelationships of native fishes in a So- 
noran Desert stream. Great Basin Nat., 41:409- 
426. 

SMITH, P. W. 1979. The fishes of Illinois. Univ. 
Illinois Press, Urbana, 314 pp. 

UNITED STATES DEPARTMENT OF THE INTERIOR. 1986. 

Endangered and threatened wildlife and plants; de- 
termination of threatened status for the spikedace. 
Fed. Register 51(126):23769-23781. 

This content downloaded from 150.135.115.48 on Fri, 25 Oct 2013 00:05:45 AM
All use subject to JSTOR Terms and Conditions

SRP12759

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. [7]
	p. 8
	p. 9
	p. 10
	p. 11
	p. 12
	p. 13

	Issue Table of Contents
	The Southwestern Naturalist, Vol. 36, No. 1 (Mar., 1991), pp. 1-152
	Front Matter
	Estimating Aboveground Biomass in Tallgrass Prairie with the Harvest Method: Determining Proper Sample Size Using Jackknifing and Monte Carlo Simulations [pp. 1-6]
	Habitat Use by Spikedace, Meda fulgida (Pisces: Cyprinidae) in Southwestern Streams with Reference to Probable Habitat Competition by Red Shiner, Notropis lutrensis (Pisces: Cyprinidae) [pp. 7-13]
	Distribution and Diagnosis of Three Species of Chipmunks (Tamias) in the Front Range of Colorado [pp. 14-28]
	Allozymic Variation and Systematics of Plains Pocket Gophers (Geomys) of South-Central Texas [pp. 29-36]
	Dynamics of the Spruce-Fir Forests on the Pinaleno Mountains, Graham Co., Arizona [pp. 37-48]
	Weeping Lovegrass, Eragrostis curvula (Schrader) Nees von Esenbeck, as a Harborage of Arthropods on the Texas High Plains [pp. 49-53]
	Two-Phase Pattern in Mesquite-Herbland Vegetation in Southern New Mexico [pp. 54-59]
	Histology of the Reproductive Organs of Cryptobranchus alleganiensis (Caudata: Cryptobranchidae) in Missouri [pp. 60-66]
	Factors Influencing Desert Mule Deer Distribution and Productivity in Southwestern Texas [pp. 67-74]
	Phenology and Ecology of Cienfuegosia intermedia Fryxell (Malvaceae) and Evaluation as a Host Plant of the Boll Weevil, Anthonomus grandis Boheman [pp. 75-83]
	Notes on the Biology of the House Mouse, Mus domesticus, on the Yucatan Peninsula, Mexico [pp. 84-88]
	Effects of an 11-Year Livestock Exclosure on Rodent and Ant Numbers in the Chihuahuan Desert, Southeastern Arizona [pp. 89-93]
	Faunal Analysis of Late Quaternary Vertebrates from Organ Pipe Cactus National Monument, Southwestern Arizona [pp. 94-106]
	Shorebird Migration at Artificial Fish Ponds in the Prairie-Forest Ecotone of Northwestern Arkansas [pp. 107-113]
	Notes
	Ectoparasites of Sorex saussurei (Saussure's Shrew) from Michoacan, Mexico [pp. 114-115]
	Use of Vertebrate Tissue by the Leaf-Cutting Ant Atta texana (Hymenoptera: Formicidae: Attini) [pp. 116-117]
	Grazing and Pocket Gopher Abundance in a California Annual Grassland [pp. 117-118]
	Relative Abundance of Desert Shrews (Notiosorex crawfordi) within the San Pedro Riparian National Conservation Area, Arizona [pp. 119-121]
	Notes on the Vegetation and Flora of North Padre Island, Texas [pp. 121-125]
	Rediscovery of a Relict Southern Population of Lake Chub, Couesius plumbeus, in Colorado [pp. 125-127]
	Notes on the Burrows, Behavior, and Color of the Crayfish Fallicambarus (F.) devastator (Decapoda: Cambaridae) [pp. 127-135]
	The Giant Bison (Bison latifrons) from the Middle Rio Grande Valley of New Mexico [pp. 136-137]
	Pico Anormal en Toxostoma curvirostre [pp. 137-140]
	Observations of Ants (Hymenoptera: Formicidae: Myrmicinae, Formicinae, Dolichoderinae) Utilizing Carrion [pp. 140-142]
	Consumption of an Adult Mouse by a Free-Ranging Neonate Prairie Rattlesnake [pp. 143]
	Seasonal Activity of Siren intermedia in Northwestern Louisiana (Amphibia: Sirenidae) [pp. 144-147]
	Status of Colorado Squawfish and Razorback Sucker in the San Juan River, Colorado, New Mexico, and Utah [pp. 147-150]

	Back Matter [pp. 151-152]





